Hypertension or high blood pressure (BP) is the most common risk factor for cardiovascular disease (CVD) and stroke, affecting 20% of the adult population both in the developed and developing worlds. 1,2 Regional differences in the prevalence of hypertension within countries have been identified. [3] [4] [5] One approach to the eventual control of CVD is the identification and analysis of associated risk factors such as hypertension and hyperlipidaemia. In addition to genetic predisposition, diet, stress, body fat, alcohol, inadequate physical activity and smoking have been shown to influence BP. 6 The higher the level of systolic blood pressure (SBP) or diastolic blood pressure (DBP), the greater the risk of subsequent CVD. 7 Nutritional factors appear to be of significant importance in the pathogeneses of hypertension. 8 The use of dietary modification in the treatment of hypertension has been gaining attention in an effort to reduce the cost and undesirable side effects of drug therapy. In 1951, it was reported that arterial hypertension had never been diagnosed in North Greenland and that essential hypertension was rare. 9 Many reviews have mentioned that Eskimos have low BP. 10, 11 However, the results of recent studies of BP in Eskimo populations are conflicting. 12, 13 The diets of these populations comprise fish fat and fish oils rich in polyunsaturated fatty acids of the N-3 type (N-3 PUFA); eicosapentaenoic acid (EPA, 20 : 5N-3), docosapentaenoic acid (DPA, 22 : 5N-3) and docosahexaenoic acid (DHA, 22 : 6N-3). Studies on Japanese fishermen have found a lower BP and higher intake of N-3 PUFA than those found in the general Japanese population. 14 Subsequently, a number of well-designed, controlled trials have demonstrated an antihypertensive effect of N-3 PUFA in normotensive [15] [16] [17] and hypertensive subjects in some 18, 19 but not all intervention trials. 20, 21 Dietary PUFA have been suggested as exerting protective effects on BP levels, although this was before the recent interest arose in the reported ability of N-3 fatty acids to lower BP. 22, 23 It is less clear whether this is true for normotensive individuals. 24 The prevalence of hypertension is increasing due to urbanization and the adoption of Western lifestyles in India. 25 The estimated stroke mortality rate is 200% in the 15-44 year age group and 250% in those of or above 45 years of age compared with the rates in industrialised countries. 26 There have been no reports on CVD risk factors among coastal fishconsuming populations. Therefore, this survey was aimed at studying the distribution of BP levels and the prevalence of hypertension in relation to fish consumption in ethnically homogeneous, healthy fish-consuming and non-fish-consuming populations.
It has been suggested that fish-consuming populations have lower blood pressure levels. The aim of this study was to determine and compare the mean blood pressure levels among fish-consuming populations with those among populations who do not consume fish, as a risk marker for cardiovascular disease. A cross-sectional study was conducted among 1000 healthy Indian adult men and women (aged ≥ 20 years) randomly chosen from two representative age and sex-matched samples, one of which was fish-consuming (n = 500) and the other of which was non-fish-consuming (n = 500). The systolic and diastolic blood pressures and pulse rates were studied. The mean systolic and diastolic blood pressures and pulse rates were found to be lower in older men and women who were fish consumers in comparison with those who were non-fish consumers, and the levels increased with advancing age. The population and sex differences were significant for certain age groups. The percentile cut-off values for diagnosis of systolic hypertension showed lower prevalence in fish consumers than in non-fish consumers. The results indicate that people who ate fish regularly appeared to have a better cardiovascular risk profile than did non-fish consumers, which is of public health significance. The relationship between fish consumption and blood pressure deserves further studies in normotensive and hypertensive populations.
Subjects and methods
The study was designed to be conducted in a random sample of 1000 healthy individuals comprising 266 men and 234 women who consumed fish, and 263 men and 237 women who did not consume fish. The subjects were aged above 20 years and resided in the coastal Nellore district of Andhra Pradesh, the fifth largest state in India. The subjects were selected from 40 villages in the rural area of Andhra Pradesh, 18 of which were coastal fishing villages comprising mainly fish-consuming populations and 22 of which were farming villages of non-fish-consuming agricultural labourers. The objectives of the study were explained in detail and informed consent was given by the subjects before the study procedures were carried out. Subjects were matched for age and sex. They had been selected so that it was possible to identify their dietary habits based on household dietary surveys. Subjects who ate a minimum of three fish meals per week at an average of 25 g/day were classified as fish consumers while subjects who consumed no fish were classified as non-fishconsumers.
Basic demographic data as well as data on levels of physical activity, whether the subject was a smoker and levels of alcohol consumption were collected. Individuals under treatment for hypertension were not included in the investigation. Alcohol and smoking were assessed by an oral questionnaire, which detailed weekly frequency and quantity. In addition, information was also obtained from subjects on their usual dietary habits and consumption of minor food groups, such as seasoning and local foods. Home visits were undertaken and the nutrient intake was obtained using the 24-h recall method; a consecutive 3-day intake record was also used. Cooking methods were almost similar in both populations. The most common method of cooking was boiling; however, dry roasting and frying were occasionally used. Average individual oil consumption was 10-15 g/day and the generally used cooking oils were ground nut, palm and sunflower which were supplied from local Government stock. Total calories as well as the nutrient intake from carbohydrates, protein and fats were estimated from the amount of food served by using food composition tables of nutritive values of Indian foods. 27 Physical activity was measured by workrelated and leisure-time activities. The study area and methodology has been described in detail previously. 28, 29 The resting BP measurements were obtained with the subject in a sitting position after 5 minutes rest using a mercury sphygmomanometer. The readings were taken twice with at least 2 min of rest between the readings to reduce variability. The SBP and fifth phase of the DBP were represented by the means of two measurements. 30 At each examination, subjects with SBP values exceeding 140 mmHg and DBP exceeding 90 mmHg were considered hypertensive. Subjects were excluded if they were diabetic, pregnant, suffering from a known lipid disorder or taking antihypertensive drugs. The heart rate was conveniently measured as pulse rate by palpation of the radial artery at the wrist, the number of beats occurring in 30 seconds being counted and doubled to give the pulse rate per minute.
The total sample was subclassified by age and sex. There was a slight preponderance of male subjects in both populations (Table 1) . Results were expressed as mean ± SD and percentiles. Statistical analysis was undertaken using χ 2 and Student's t-tests. Hypertension was indicated by SBP/DBP above the 95th percentile. All of the differences were considered significant when the P value was ≤ 0.05 or ≤ 0.01 for Student's t-test and χ 2 , respectively.
Results
The distributions of mean age-specific SBP, DBP and pulse rate among fish-consuming and non-fish-consuming populations are given in Table 1 . The SBP levels increased as age advanced in both sexes and populations. The levels of SBP were higher in men than in women of younger age groups whereas in older age groups (40-50, 51-60 and 61-70 years) a reverse trend was observed, though sex differences were significant only in a few age groups. Both men and women in the fish-consuming population tended to have lower SBP levels than those in the non-fish-consuming population. However, these differences were significant only in the 61-70 years age group of men (P < 0.05) and women (P < 0.01).
The mean levels of DBP both in men and in women progressively increased with increasing age. These levels were found to be higher among men in the 21-30 and 31-40 years age groups than among women, but the older age groups showed an opposite trend. The interpopulation differences were significantly lower among fish-consuming men in the 51-60 years age group and women in the 61-70 years age group population. The overall mean pulse rate was significantly lower in younger men and women in the age groups of 21-30 years and 31-40 years among fish consumers than among non-fish consumers.
The normal limits for SBP and DBP among fish-consuming and non-fish-consuming populations were determined from the percentile cut-off points (Table 2) . Median values showed negative skewness among men and women of both populations. The percentile distribution was therefore determined as the mean levels of BP in both population groups that differed from the median. The 50th and 95th percentile cut-off values were lower in fish-consuming men and women than in non-fish-consuming population. χ 2 values indicate that the frequency distribution of these percentiles for SBP of men and for DBP of women were found to be significant statistically (P > 0.01) between fish consumers and non-fish consumers.
Following the World Health Organization's (WHO) definition of hypertension (≥ 140/90 mmHg), only 18 subjects (eight men and 10 women) in the SBP category and 21 subjects (6 men and 15 women) in the DBP category were found to be hypertensive in the fish-consuming population as compared with 35 subjects (12 men and 23 women) for the SBP category and 30 subjects (12 men and 18 women) for the DBP category in the non-fish-consuming population (Table 3 ). This was significant for the prevalence of systolic hypertension. Generally there was a greater prevalence of hypertension in women than in men.
The intake of nutrients and fatty acid profile in serum were determined in a subsample of the study population. The results showed that daily consumption of mean amount of total energy and carbohydrate was significantly low and that protein intake was high in fish consumers as compared with non-fish consumers. There was no significant difference in percentages of saturated and monounsaturated fatty acid levels between population groups. However, the percentage of N-6 PUFA as well as linoleic (18 : 2N-6), adrenic (22 : 4N-6), and osmond (22 : 5N-6) acids were lower, and dimomogamma linolenic (20 : 3N-6) acid was higher, in fish consumers. The sum of the long-chain N-3 PUFA series in fish consumers (EPA, DPA and DHA) were, significantly, fourfold greater than were those in non-fish consumers (data not shown).
Discussion
Blood pressure has been shown to be affected by the amount as well as the type of dietary fat consumed, such as the N-3, N-6 and N-9 series fatty acids. 31 Linoleic acid (18 : 2N-6) has been reported to decrease 32 as well as to increase BP, 33 and also to have no effect. 34 Blood pressure has been shown to be negatively associated with the intake of fish and N-3 PUFA. 23 We observed a positive relationship between fish intake and concentrations of long-chain N-3 PUFA, EPA, DPA and DHA in serum phospholipids which showed approximately three-fold and six-fold greater levels, respectively, in the fish-consuming population. 29 The apparent increase in the N-3 PUFA was correlated with a concomitant decrease in N-6 PUFA. The effect of N-3 PUFA on BP is still controversial. Eating fish or fish oils modifies membrane phospholipid composition, enriching them with N-3 PUFA at the expense of reducing the N-6 PUFA content. 35, 36 The fish-consuming population had lower BP levels compared with those of non-fish consumers, at least among older people. An epidemiologic study of Japanese fishermen found a lower BP with a higher intake of N-3 fatty acids than that found in the general Japanese population. 14 However, in another study, such an association was not noticed. 37 A large study from Tromso in Norway is the most conclusive to date with the decrease in BP being proportional to the increase in plasma phospholipid N-3 fatty acids. 38 Fish oils do lower BP but the effect may be obscured in other population studies by the more potent hypertensive effects of other dietary components, such as sodium. 39 No significant difference in BP was reported in a group living in a Norwegian coastal fishing area when compared with the inlanders of the same district who ate less than one-fourth as much omega-3 fatty acids. 40 In three populations living in fishing and farming areas in China it was found that the BP of the population in the fishing area was lowest. The prevalence of hypertension of people in the fishing area, Baoshan, was negatively correlated with fish intake. 41 This may be due to genetic, environmental and nutritional factors. It seems that habitual intake of fish may contribute significantly to a decrease in the risk of hypertension. Hence, our findings are in general agreement with some of the studies. When classified using WHO criteria, 42 the present data showed the risk of hypertension to be present in 4.6% for SBP and 4.2% for DBP in fish-consuming populations and 7.0% for SBP and 6.0% for DBP in non-fish-consuming rural populations. In India, the prevalence of hypertension varies from a low of 0.44% in the rural Orissa tribal population of eastern India 43 to 8.8% in Rajasthan, western India. 44 A recent study in Kerala reported a 17.9% prevalence of hypertension in a rural south Indian population. 45 Therefore, the present data indicate, in both populations, a prevalence of hypertension that is well within the Indian ranges but that is relatively lower in fish consumers compared with non-fish consumers.
Both SBP and DBP levels and pulse rate were lower, though not uniformly significant, in fish consumers. The increase in BP and pulse rate with age in both populations was confirmed by correlation coefficients (data not shown). Studies have consistently demonstrated a positive relation between age and BP in most populations with diverse geographical, cultural and socioeconomic characteristics. 46 Blood pressure levels increased with age in both sexes, with women showing a steeper increase. Prior to menopause, women have significantly lower BP levels than do men. Postmenopausal changes in women may be attributed to lower levels of oestrogen. 47 Several studies have demonstrated a significant lowering of BP with food preparations with fish oil and a decrease in SBP upon fish oil consumption. 16, 31, 48, 49 Reductions in BP were observed in healthy volunteers given codliver oil. 50 Some studies have found that high doses of fish oil can lower BP in men with mild essential hypertension, 51, 52 although lower doses of fish oil resulted in little change. 31 Such doses have been reported to be both effective 17 or ineffective 20 in reducing BP. Potential mechanisms for the lowering of BP by N-3 PUFA present in fish oils have been described. 31, 53 Possible mechanisms of BP-lowering action include attenuation in the response of vascular resistance, vascular reactivity and blood viscosity, among others. Since eicosanoids are known to exert potent effects in many vascular control process, changes in their synthesis are often invoked to explain the changes seen with dietary PUFA. 15, [54] [55] [56] [57] However, the results of these studies were sometimes contradictory and there is as yet no general agreement on the hypotensive mechanism of a fish diet. Such variability may be explained by the complex and sometimes opposing effects of N-3 PUFA on biochemical pathways influencing the BP regulating mechanism related to the roles of specific endogenous synthesis of vasoactive eicosanoids. 58 The overall evidence in humans and animals suggests that the antihypertensive effect may be explained by an influence of N-3 PUFA on vasoreactivity both on vascular contraction and vascular relaxation. 59, 60 It appears from our data and other studies that BP does vary with changes in plasma levels of N-3 PUFA due to the consumption of fish oils. It is likely that the way in which fish is prepared and consumed varies and may be responsible for some of the apparent contradictions. However, controlled clinical studies are needed to determine the effects of Indian cultural practices and eating habits in determining this cardiovascular risk marker. 
